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Somatosensory Evoked Potentials versus Locoregional Anaesthesia in
the Monitoring of Cerebral Function During Carotid Artery Surgery:
Preliminary Results of a Prospective Study
E. Sbarigia∗, A. Schioppa, M. Misuraca, M. A. Panico, C. Battocchio, C. Maraglino, F. Speziale
and P. Fiorani
I Cattedra di Chirurgia Vascolare, University of Rome “La Sapienza”, Rome, Italy
Objective: to relate changes in somatosensory-evoked potentials (SEPs) with onset of neurological deficits in patients
having carotid endarterectomy (CEA) under locoregional anaesthesia.
Methods: a prospective study of 50 consecutive patients.
Results: SEPs yielded an accuracy of 98%, specificity 100%, and sensitivity 89%. In all concordant cases the onset of
a neurological deficit in awake patients corresponded to a 30–40% reduction in amplitude of N20-P25 waveforms. After
shunting, the N20-P25 took 2–3 min to return to normal.
Conclusions: SEPs are associated with a 2% false negative rate. Their threshold for detecting cerebral ischaemia is lower
than the currently reported value for patients under general anaesthesia. The time needed for evoked potentials (2–3 min)
to return to normal after shunting limits their usefulness in verifying effective shunting.
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Introduction 38 men studied had a mean age of 70 years (range
56–82 years). At entry 18 (36%) patients were asympto-
Clamping of the internal carotid artery during carotid matic, 29 (58%) had a history of at least one transient
endarterectomy (CEA) leads to cerebral ischaemia in ischaemic attack, and three (6%) had a history of stroke.
8–15% of patients.1–3 Such ischaemia can be detected Twenty-two patients (44%) had bilateral stenosis and
by monitoring normal activity with somatosensory- 10 (20%) had contralateral carotid artery occlusion. All
evoked potentials (SEPs) or electroencephalography the patients underwent routine preoperative colour-
(EEG); or by measuring arterial pressure and flow; or flow Doppler of the supraortic trunks (ACUSON XP
by awake testing in patients operated under loco- 10). The asymptomatic patients were operated on be-
regional anaesthesia. Several studies have examined cause of a >70% internal carotid artery stenosis. In all
SEPs.6–13 However, only two have compared SEPs with the symptomatic patients the Doppler colour flow
awake testing. Although both studies reported satis- detected a stenosis >60%.
factory sensitivity and specificity, they were small, Transcranial Doppler ultrasonography (64 EME) at
with imperfect methodology.9,14 baseline and after compression test of common carotid
The aim of this study, therefore, was to definitively arteries for preoperative assessment of cerebral haemo-
compare SEPs with an objective cerebral monitoring dynamics was done in all the patients. Computed
technique. We assessed a prospective series of 50 tomography (CT) of the head documented previous
patients who underwent carotid surgery under local though not recent cerebral infarctions in 21 patients
anaesthesia, and SEPs. (42%).
The onset of a clinical neurological deficit after the
Materials and Methods carotid artery clamping was related to changes in the
N20-P25 waveforms in SEPs recordings (Nicolet Viking
From November 1998 to June 1999, 50 consecutive IV Mortara Rangoni, Bologna, Italy). SEPs were evoked
patients underwent CEA under locoregional an- by electrical pulses delivered at constant intensity
aesthesia while undergoing SEPs. The 12 women and (4.2 mA), duration (0.1 ms) and frequency (4.7 Hz)
through an external bipolar stimulating electrode
∗ Please address all correspondence to: E. Sbarigia, I Cattedra di placed over the median nerve at the wrist contralateralChirurgia Vascolare – University of Rome “La Sapienza”, Policlinico
Umberto I, Viale del Policlinico, 00161 Rome, Italy. to the operated carotid artery. The signal on its course
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Table 1.
Clinical monitoring SEPs monitoring
Positive Negative Total
(>25%) (Ζ25%)
Clamping tolerance 0 41 41
Neurological deficit 8 1 9
Total 8 42 50
Fig. 1. Percentage reduction of N20-P25 waveform at cross clamping
monitoring correctly predicted the intra-operativeof the carotid artery.
neurological status (accuracy: 98–95%, CI: 89–100%)
along the conduction pathways was recorded through (Table 1).
seven cup recording electrodes. The impedance of the In this series there was no mortality. The major
recording electrodes was maintained below 5 kOhm. neurological morbidity was 2%, as one patient de-
Recording electrodes were placed at the level of the veloped an upper limb paresis and aphasia and two
contralateral shoulder (ground electrode), in the patients (4%) developed transient perioperative neuro-
contralateral lesser supraclavicular fossa (Erb’s point), logical deficits related to a perioperative thrombosis.
in the ipsilateral shoulder, at the level of spinous These were re-operated on and the technical cause of
process of C7, in F2 and at C3′ or C4′ bilaterally the thrombosis was removed with complete remission
according to the International 10–20 System.16 SEPs of neurological symptoms within the first post-
were monitored continuously from the start of the operative day.
anaesthetic block until the end of the operation, with
close attention during vessel clamping.
All operations were done under locoregional an-
aesthesia as described previously.15 Arterial pressures, Discussion
pulse oximetry and neurological status were con-
tinuously monitored. Most reported series assessing the value of SEPs for
In 48 patients CEA was performed, of whom 18 monitoring cerebral function during carotid artery
(38%) had a carotid patch angioplasty. In two cases a surgery have compared SEP data with patients’ clinical
common to internal carotid bypass was done. outcomes on waking from general anaesthesia or with
At clamping, patients received 5000 IU of intra- the data acquired using other techniques of moni-
venous heparin, neutralised on declamping with a 50- toring. However, none of these other methods (for
mg intravenous protamine sulphate. The only criterion example, stump pressures13 or intraoperative electro-
used to assess the need for cerebral protection by encephalogram (EEG)11,12) guarantee an error-free diag-
carotid artery shunting was the onset of a neurological nosis of clamping ischaemia.17,18
deficit at carotid artery clamping. Only two previous studies have compared SEPs
monitoring with the data obtained in awake patients
undergoing local or regional anaesthesia.9,14 Only one
of the two, Markand et al.,9 verified monitoring ofResults
cerebral function using SEPs in patients under local
anaesthesia. Markand et al. used methods similar toForty-one patients tolerated carotid cross-clamping
and SEPs showed a median amplitude reduction of ours and reported 100% sensitivity and 93% specificity
(one false-positive result). D’Addato et al.14 reported15% (range 0–25%) of the N20-P25 waveform. Nine
patients developed a neurological deficit at carotid no data comparing the reliability of SEPs and local
anaesthesia. Our results obtained by comparing SEPartery clamping, and all were shunted. The symptoms
were transient hemiparesis in six and tonic-clonic jerks monitoring with local anaesthesia showed that SEPs
achieved good overall accuracy (98%), mainly owingin three. The neurological symptoms regressed in less
than 2 min after shunting, whereas the SEPs moni- to their high specificity (100%). Nonetheless, unlike
other series,22–24 SEPs yielded one false-negative result,toring trace took longer to return to normal (2–3 min,
median 2.5). The median SEP amplitude reduction of thus accounting for a sensitivity of 89%. In this patient
the N20-P25 waveform did not show significant re-these nine patients was 30% (range 20–40%). Only one
patient revealed a reduction of less than 25% (false duction in amplitude (20%) at clamping test, despite
the onset of clinical monoparesis in the contralateralnegative) (Fig. 1). Thus, in 49 out of 50 patients SEPs
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upper limb and aphasia. This event probably ex- they also depend on choosing an inappropriately high
detection threshold for the SEPs amplitude reduction.emplifies the intrinsic limitation of intraoperative re-
Our observation that after shunt placement the N20-cordings of SEPs, namely their ability to disclose
P25 complex returned to normal within 2–3 min afterchanges taking place in the somatosensory cortex alone
shunting provides evidence that intraoperative re-rather than exploring the whole cortical area. Hence,
cordings of SEPs have an unacceptably long latency.although absent or reduced SEPs document neuronal
A limitation of SEPs is that at the same time, indamage (from functional changes to cell death), per-
the patients receiving concomitant pharmacologicalsisting normal waveforms do not exclude an ongoing
cerebral protection with barbiturates, they are con-ischaemic event in a cortical site other that explored
spicuously altered, though for a shorter time thanby SEPs.
EEG responses, and in practice remain unreliable untilIn contrast to the other reported experiences, we
drugs are metabolised on reaching their half-life. Thesefound a higher amplitude N20-P25 waveform in awake
two causes of delay in return to normal waveformspatients under local anaesthesia than is normally re-
substantially limit the reliability of SEPs. If their normalported in patients receiving general anaesthesia. Sim-
latency is erroneously interpreted and the risk ofilar data for baseline recordings obtained by
clamping ischaemia ignored, then the lengthy timemonitoring awake patients have been reported by
needed for the signal to recover completely couldD’Addato et al.,14 who also found higher baseline N20-
be responsible for permanent neurological damage.P25 amplitudes in patients operated on under general
Indeed, clamping ischaemia lasting more than 2 minanaesthesia.
may cause permanent cell damage.28The higher N20-P25 voltage recorded in patients
under local anaesthesia presumably depends on the
absence of drugs that depress brain metabolism (for
example barbiturates, enflurane and fentanyl)10,18,19
Conclusionscommonly used for general anaesthesia. Besides, in-
haled anaesthetics (cyclopropane, nitrous oxide and
The results in this prospective study show that SEPsenflurane) reduce all the SEPs components, as Clark
yield 2% false negatives. In SEP recordings the onsetand Rosner have shown.21
of a neurological deficit generates a decrement ofMore important is the fact that in the eight patients
only 30% from baseline in amplitude of the N20-
in whom a neurological deficit developed at carotid P25 component. This finding could partly explain the
clamping, the amplitude of the N20-P25 component missed diagnoses reported in other series in patients
diminished only 30% from baseline. This finding im- operated on under general anaesthesia.
plies that the detection threshold for the onset of a The sensitivity, the need for specialised personnel
change in the function of the ascending neuronal in the operating room during monitoring and not least
pathway could be lower than that unanimously re- the high cost of more recent apparatus indicate SEP
ported. recordings as a second choice for cerebral monitoring
Recordings in awake patients led D’Addato et al. to in carotid surgery.
consider as the threshold value for monitoring cerebral
function in patients under general anaesthesia a 45%
reduction in baseline N20-P25 amplitudes. Our ex-
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